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DOWNSIZING AND PRODUCTIVITY
GROWI'H: MYTH OR REALITY?
ABSTRACT
The conventional wisdom is that the rising productivity in the U.S.manufacturing sector
in the 1980s has been driven by the apparently pervasivedownsizing over this period. Aggregate
evidence clearly shows falling employment accompanying the rise inproductivity. In this paper,
we examine the microcconomjc evidence using the plant level data from theLongitudinal
Reseaith Database (LRD). In contrast to the conventional wisdom,we find that plants that
increased employment as well as productivity contribute almostas much to overall productivity
growth in the 1980s as the plants that increased productivity at theexpense of employment.
Further, there are striking differences by sector (defined by industry,size, region, wages, and
ownership type) in the allocation of plants in terms of whether they upsize or downsize and
whether they increase or decrease productivity. Nevertheless, inspite of the striking differences
across sectors defined in a variety of ways, most of the variance ofproductivity and employment
growth is accounted for by idiosyncratic factors.
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and NBERI. INTRODUCTION
Productivitygrowth in the manufacturing sector of the U.S. economy has been rapidover
the past decade, and has beenaccompaniedby a substantial reduction in employment. This
has engendered the conventional belief that rising productivity in manufacturing anddecreasing
eml)loylnent. are inextricably linked through some micro-economic mechanisms. Some hold the
view that technological progress leads to layoffs because of mismatches between newly desired
labor quality and the skills of existing workers, or because of rigidities inwages and prices (for
a recent review, see Johnson (1994)). Others hold the alternative view that productivity growth
happens as a result of downsizing, or re-engineering, with its concomitant layoffs. Large scale
employment reductions by major companies are routinely reported in the media as part of this
downsizing trend, and applauded by market analysts for improving productivity and making the
company "lean and mean." The expansion of international trade is often seen as a source of the
competitive pressure that has lead to downsizing.
The conventional wisdom that productivity growth and downsizing are connected has some
basis in fact. Figure la depicts annual output and employment for the period 1958-89 for the totai
manufacturing sector and Figure lb depicts the annual growth rate in labor productivity over this
time. During the 1960s and t970s, output and employment fluctuated cyclically around a growing
trend with modest growth in productivity. In the 1980s, the pattern changed with output recovering
robustly from the recession in the early 1980s and employment never fully recovering. Consequently.
average labor productivity rose sharply over much of this period. We focus on this period of rising
productivity and falling employment using plant level data for the Census of Manufactures in 1977
and 1987. Over this interval, total employment in manufacturing establishments fell by 45 percent
over the period 1977 to 1987 even as productivity (measured by value added per worker) rose by
33 percent.' Thus, it would appear that our sample of plant level data is consistent with the
conventional wisdom.
'Manufacturing employment as we describe it here is based upon the Censuses and Surveys of Manufacturing
Establishments. Household surveys show that manufacturing employment has been pretty much flat over the last
twenty years. barring cyclical downturns. The difference in the conclusions arises because RD and head office
employees based on so-called "auxiliary establishments' are not included in the establishment data.
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FIGURE 2: ESTABLISHMENT AND COWORKER






I — ESTABUSHMENT MEAN——COWORKER MEANIt turns out, however, that it is quite misleading to draw inferences from these aggregate data
to characterize what has been happening at the micro level to individual plants. Daily, liulten.
and Campbell (1992) and Barteisman and Dhrymes (1992) describe the effects that composition
changes have on the translation of plant level productivity to aggregate productivity behavior.
They find that growth in aggregate Total Factor Productivity is mostly the result of changes in
output. shares between plants, rather than within plant increases in TFP.
Another related example of the pitfalls of relying on aggregate data can be found in Davis and
Haltiwanger (1990). As shown in figure 2, the mean establishment size (as measured by published
total manufacturing employment divided by total number of establishments) fell from 58 workers
in 1977 to less than 50 workers in 1987. This fact, based on aggregate data, seemingly provides
evidence of significant downsizing over this period. However, the size distribution of plants is very
skewed—while the typical plant is small, the typical worker works for a large plant. Davis and
Haltiwanger define a summary statistic denoted the coworker mean, which is the employment-
weighted average size of an establishment and thus represents the size of the plant for the typical
worker.2 The coworker mean is more than an order of magnitude larger than the mean plant size;
the typical manufacturing worker in 1987 is employed at a plant with more than 1700 employees.
More telling for our story is that the coworker mean, shown on the right axis of figure 2, fell in
the late 1960s and early 70s, before the full impact of international trade was felt, It actually has
increased slightly from 1977 to 1987.
The finding that the size of the establishment for the typical worker has not declined inrecent
years is striking in light of the conventional wisdom on downsizing. This turns out to be just the
first glimpse of the noisy, complex process of employment, output and productivitygrowth at the
plant level. Recent work using plant level data (e.g., Davis and Haltiwanger (1990, 1992), Dunne,
Roberts and Samuelson (1989), Daily, Campbell and Hulten (1992), Bartelsman andDhrymes
(1992), Baldwin and Goreckj (1990, 1991)) present a picture of a disperse distribution ofoutput.
employment and productivity growth rates that varies in both location and shape over time. We
2Hart (1975) presenta a variety of alternative summary statistics that could beused to characterize the skewed
nature of the size distribution. In the terminology of Hart. the coworker mean is the ratio of the secondmoment to
the rsl moment about zero of the employment size distribution of plants.
4have learned from this work that when the aggregate economy grows, for example, this is accounted
for by some plants growing and others contracting with the gross rates of change very large relative
to the net change. This paper continues in that tradition with a focus on the connection between
employment growth and productivity growth at the plant level and the associated implications for
aggregate employment and productivity growth.
As with prior studies, we find there is substantial heterogeneity among plants and industries.
While layoffs often receive more publicity than do employment increases, there are in fact many
manufacturing establishments where productivity growth accompanies increases in employment.
Overall, plants that added workers contribute about the same to aggregate productivity as plants
that downsized. Similarly, while downsizing is associated with increases in productivity, there are
in fact many establishments where a reduction in employment accompanies productivity losses.
Further, there are striking differences by sector (defined by industry, size, region and ownership
type) in the allocation of plants in terms of whether they upsize or downsize and whether they
increase or decrease productivity. While the detailed industry, region, size, ownership type and
wage characteristics of plants do provide statistically significant information on the probability
that a given plant is a downsizing productivity gainer, we find that most of the cross-sectional
variance of productivity and employment growth rates cannot be explained by observable plant
characteristics. Thus, the allocation of plants in terms of whether they upsize or downsize. increase
or decrease productivity is largely driven by idiosyncratic factors.
II.THE DATA
Ourprimary dataset consists of all manufacturing plants that were in operation in both 1977
and 1987 as reported to the Censuses of Manufacturers (the "continuers"). There are about 140,000
such plants. We will also present some information about those plants that were in operation in
1977, but that had shut down by 1987 (the "exiters"); and also for the new plants that started
between 1977 and 1987 (the "entrants"). Because of the difficulty of matching plant identification
numbers there is some error in allocating plants to the continuers, exiters and entrants, but we
believe that this error is small.3
3Davis and Haltiwanger and Schuh(1994)describethemethodology for using the coverage code information in
5In our investigation, we consider both gross output and value added based measures of labor
prodictivity. Gross output for our plants is measured as shipments adjusted for inventories, deflated
by the 4-digit deflator for the industry in which the plant is classified. Labor input is the total
employment of the plant and labor productivity, using the gross output method, is the ratio of the
two. Value added is constructed for our plants by subtracting the real cost of materials front the
gross output measure. The teal cost of materials is measured as the dollar cost of materials deflated
by a 4-digit material deflator. The value added measure of labor productivity is accordingly the
ratio of plant level value added to plant level employment. In all cases, the results are reported in
terms of 1982 dollars. We specifically chose the midpoint of our sample to minimize the distortions
associated with using a fixed weight price index in this context.4 Most of our results are presented
in terms of the value added measure of labor productivity. We do this for a number of reasons.
First, this is the conceptually preferable measure of labor productivity. Second, in spite of concerns
about measurement errOr in both the plant level materials data as well as in the materials deflators,
we find that the results are very similar with the gross output based measure.5
There are a number of relevant measurement concerns given our data and methodology that
should be noted in interpreting our results. First, even for our value added based measure, we do
not include the effect of purchased services. This is a concern since there is some evidence that
the manufacturing sector has increased its outsourcing, particularly its purchases of services; our
value added measure will capture increased outsourcing if it is the form of intermediate physical
inputs but will not capture changes in the role of purchased services. In addition, our labor
measure—establishment level employment—neglects employees in auxiliary establishments such as
head-office and R&D fadlities. Note that Siegel and Griliches (1991) investigate the role of both of
these measurement issues and conclude that they do not have much of an effect on the measurement
of manufacturing productivity for the period 1977-82 (one half of our sample period). This provides
some reassurance that these measurement concerns are not likely to have a serious impact on our
the plantleveldata to clean up residual matching problems in the LRD. In thisworkwe match solely on the ba.sis
of Census permanent plant number (ppn).
4ln an earlier version of this paper, we used 1977 as a base year. This yields a higher growth rate of output
and productivity since doing so overstates the contribution to real output of industries with declining relative prices,
especially for computers.
We report some of the key results using both methods to verify this claim.
6results.
We recognize as well that our focus on labor productivity rather than total factor productivity
affects the interpretation of our results. The role of capital deepening and biases in technical change
cannot be well understood by the behavior of labor productivity alone; for example, investments in
labor saving equipment which increase labor productivity may not be successful from a TFP point
of view.
Table 1 gives summary statistics of productivity, employment and output for all of manufac-
turing, for our primary sample of 140,000 continuing plants, and for the exiters and entrants. The
results in Table 1 are based on the value added measure and are restricted to plants with pos-
itive value added and materials purchases in the relevant years for the different types of plants
(e.g., continuers must have positive value added in both years). We see that productivity grew
by 38.7 percent for the sector as a whole for the ten year period, while the continuers had pro-
ductivity growth of 33.9 percent.6 It follows that the plants that entered between 1977 and 1987
had lower average labor productivity than the plants that exited. Plant turnover thus has a small
net negative effect on productivity (there is a small net positive effect when productivity is cal-
culat.ed from gross output). As seen, the labor productivity of exiters was substantially lower
than that of the continuers, while it was not the case that entrants came in at higher than aver-
age productivity—consistent with the findings of Bartelsman and Dhrymes (1992). Decomposing
the relative contribution of continuing plants and net entry, the increased productivity of the net
entrants accounts for approximately 30% of the overall increase in productivity from 1977-87.
As shown in table 1, manufacturing employment declined by 0.45 per year.8 Our main sample of
continuers accounted for employment of 12.8 million in 1977 and (somewhat surprisingly perhaps)
had just a small loss of 98,000 employees by 1987. Job destruction among the continuers thus
has been almost fully offset by job creation by this same group (the job loss is only 30,000 if the
'The figures reported in the table are the average growth over 10 years (cumulativegrowth divided by10) rather
than the annualized growth rate. We use this average growth measure in all of our tables so that our decompositions
add up properly. The implied annual growth rate for productivity is 2.85 perceclt.
Tlnterestingly, the contribution of net entry falls to 20% if industry 357 (computing equipment) is excluded from
the calculation.
'Note that for the entire sample, including those with negative value added, employment declined by 042 per






















All 938 1242 3.25
Continuers 716 952 3.29
Entrants 291
Exiters 222
• AverageGrowth over 10 years,
8negative value added plants are included). The net reduction in manufacturing employment has
come about primarily from layoffs at plants that were closed which were not fully offset by hires at
new plants.
The rate of output growth has been about the same in the continuers as in the whole sector. As
a group, the continuers are consistent with the conventional wisdom — rapid output growth. mild
employment contraction, and rapid productivity growth.9
III.PRODUCTIVITY AND EMPLOYMENT QUADRANTS
In theremainder of this paper we concentrate on the continuing plants. We have divided these
continuing plants in our sampleintofour groupsorquadrants, as illustratedin Figure 4.Quadrant 1
consistsofthe "successful upsizers," plants that were able to increase both laborproductivity and
employment.Quadrant 2 are the "successful downsizers," the plants that raised productivity but
did so by reducing employment. Quadrant 3 are the "unsuccessful downsizers," the plants that
facedreductions in both productivity and employment. Finally, the quadrant 4 plants are the
unsuccessful upsizers, the plants that raised employment but at the expense of productivity.
Figure 5 shows the average annual percentage change in labor productivity, employment, and
output for total manufacturing, and for the average plant in each quadrant. This figure illus-
trates clearly that productivity growth can occur by plants increasing or decreasing employment
(quadrants 1 and 2), and that layoffs do not necessarily lead to successful increases in productivity
(quadrants 2 and 3).
Plants can find themselves in quadrant 1 for a variety of reasons. First, the long run increase
in both labor productivity and employment is consistent with increased demand for its products
combined with increasing returns technology. Alternatively, these plants could have actually moved
their production frontier outward through technological innovation, while facing elastic product
demand.
9Shown in Table A.1 in the appendixarethe summary staustics for the manufacturing sector excluding industry
357, computer equipment. This industry has shown extraordinary productivity growth captured by the rapidly
falling deflator for computer equipment. With this industry removed from the total, productivity increase drops
to 2.99 percent ayear forthe whole sector and to 2.89 percent for the continuers. Comparing these results to the
results for total manufacturing shows that357 byitself has obviously accounted for a non-trivial share of the sectors
productivity increase. Note that the re'ative contribution of industry 357 is affected by the choice of the base year.
The relative contribution increases if 1977 is chosen as the base year and decreases if 1987 is chosen a.s the base ear,





Note: Excludes plants wIth negatIvevalueadded.
I1,o4Iom
17.85 Million 5.07 Mlmon 4.37 Mlflion 17.05 MIllion
1977
Employment
Jobs lost du, to Jobs lost within Jobs gained 1987
plant closures continuing plants from new Employment
1977-87 plants opened
1977-87Figure 4: Employmentand ProductivityChanges, 1917—1987
QUADRANTH QUADRANT I
Successful Downsizers Successful Upsizers
Productivity >0 Productivity >0
Employment <0 Employment >0
QUADRANT III QUADRANT IV
Unsuccessful Downsizers Unsuccessful Upsizers
Productivity <0iProductivity<0
Employment <0 Employment >0
The conventional wisdom about U.S. manufacturing over this period is captured in the quad-
rant 2 plants. These were the ones that raised productivity, but did so at the expense of jobs. This
pattern is consistent with technological innovation combined with either falling demand or very
inelastic demand (labor augmenting technical change is suggested in either case). If there were a
simple way to characterize the whole manufacturing sector, then we should find that the bulk of
manufacturing output and employment would be in plants in quadrant 2.
The employment and productivity behavior of plants in the third quadrant are consistent with
one of the following (i) falling demand and increasing returns to scale or (ii) negative productivity
shock and elastic demand or (iii) falling demand and incomplete adjustment of employment. Based
on this last interpretation, which we find the most plausible, we label these plants unsuccessful
downsizers.
The final group of plants are those where falling productivity and rising employment place them
in quadrant 4. The pattern here is consistent with a negative productivity shock and inelastic
demand, or rising demand and diminishing returns. Alternatively, these plants could have shifted
to lower quality employees, which could be observed by falling wages. We examine this hypothesis
below.



































1 SLVJ HIMOHOTable 2: Summary Statistics, by Quadrant. 1977—1981
AllPlantsi1>0 fl > 0 zfl <0 fl <0
L>0L<0 L<0 L>0
Estab. 140501 44597.0 36238.0 19289.0 40377.0
pct. 1.00 31.74 25.79 13.73 28.74
EmpI. pct. 77 1.00 23.91 44.79 18.80 12.49
EmpI. pct. 87 1.00 38.50 28.21 11.91 21.38
Empi. Growth -0.08 5.98 .3.75 -3.71 6.98
VApct.77 1.00 20.22 40.50 23.38 15.90
VApct.87 1.00 42.26 31.01 7.66 13.07
VA Growth 3.29 17.77 2.14 -5.65 0.92
Labor Prod. Growth 3.39 7.38 9.43 -3.08 -3.57
productivity 4.30 7.51 10.08 .3.37 -3.22
empl.share 0.01 -0.36 0.30 0.23 0.03
crossterm -0.92 0.23 -0.94 0.06 -0.38
Contributionto Labor Prod. Growth
by quadrant 3.39 2.18 2.56 .0.62 -0.73
productivity 1.49 3.82 -0.72 -0.57
empi.share -0.23 0.16 .0.17 0.24
crossterm 0.91 -1.41 0.26 -0.40
InTable2we show how the plants in our main group of 140.000 continuers break down into the
four quadrantsusingthe valueadded measureof labor productivity.There arebetween one-quarter
andone-third of the plantsineach ofquadrants 1, 2,and 4.Thereare 14 percent oftheplants in
quadrant3.
Counting the number of plants may not be the most revealing way to see the relative importance
of each quadrant, however, and table 2 also shows the employment and output shares. We see that
the quadrant 1 and 2 plants make up the bulk of the sector in both employment and output. They
account for two thirds or more of the sector both in 1977 and 1987. The large number of somewhat
anomalous quadrant 4 plants are smaller than average.
The middle rows of the table give a decomposition for all the plants and for each quadrant
separately that indicates how much of the productivity growth reflects increases within individual
plants (the row labelled "productivity") and how much comes from mix effects (the rows labelled
"employment shares' and "cross terms"). Equation 1 shows the decomposition underlying these
13three rows in the table.





The first mix term (labeled "empi. share") arises because of shifts in employment shares between
plants. This term is positive or negative depending upon whether the plants that areabove average
in productivity are increasing or decreasing their shares of employment.'1 The table shows that
for all plants together the term is positive, but very small. Within quadrants, this cross term is
negative for the plants in quadrant 1, but positive for those in qua.drants 2 and 3. It is essentially
zero for the plants in quadrant 4.
The second mix effect (the row labeled "cross term") is positive or negative depending upon
whether plants that have positive productivity growth have increasing or decreasing employment
shares, respectively, or vice-versa. This term is negative overall, indicating that plants that have
positive productivity growth do on average have decreasing employment. It alternates in sign
among the quadrants (as it must given their definitions) - the Quadrant 2 plants are dominating
the cross term.
Although there are non trivial mix effects shown in these data, it seems that a fair general
characterization of the results is that most of the overall increase in productivity and most of the
increase within each quadrant is accounted for by within plant changes. The changes in productivity
over the ten year period are not the result of mix effects. This finding is consistent with that
of Griliches and Regev (1992), who look at the decomposition of labor productivity in Israeli
manufacturing plants. Interestingly, it contrasts with the finding of Barteisman and Dhrymes
(1992) that TFP growth is mostly a restilt of mix shifts in the long run.
CONTRIBUTIONSTO OVERALL GROWTH BY QUADRANT
Thebottom four rows of Table2treat each quadrant as a group and ask how much each
'°Toensurethat these terms add up properly, the percentagechange between1977and 1987 isdivided by 10to
get the averagegrowth.Unlessotherwise stated,growth rates are not calculated at an average annual rate.
Note that the inclusion oftheaverageproductivity term,fl,_1, is possible because , = 0.
14group cont rihutes to overall productivity growth. Quadrants1 contributes almost t.wo-thirdsof
theoverall growth. Quadrant 2 accountsforabout. three-quarters of the overall growth. Thus.
these two quadrants together account for more than the total increase in productivity as their
contributions are offset by quadrants 3 and 4.
It is important to emphasize that each quadrant contributes not only through itsownchange





where cq= theshare of manufacturing labor in quadrant q, H9 =, andQ= > Q, Lq=
iEq L.
Given equation 2, we see that quadrant 1 plants contribute both by the rise in productivity at
each of these plants but also through the increased employment share (the positive cross term).
The contribution of quadrant 2 coming from rising productivity (holding employment shares fixed)
is higher than that of quadrant 1, even though the plants in these quadrants have about these
same productivity growth rates, on average. This is the result of the negalive impact of the falling
employment shares (shown by the negative cross term) in quadrant 2.
Quadrants 3 and 4 both contribute negatively to overall productivity. For quadrant 3, much
of this is due to decreases in productivity holding the employment share fixed. While this is an
important component for quadrant 4 as well, the increase in employment share combined with the
decrease in employment is also an important.contributing factor.'2
QUADRANT DECOMPOSITION USING GROSS OUTPUT MEASURE
The analogous results using the gross output measure are reported in Table 3. The results
are strikingly similar to those obtained using the value added measure. The shares of plants,
employment and output across quadrants are very similar across both measures. Of particular
121nthe appendix Table A.2 we show the same calculation, but with the computer equipment industry removed
from the sample. The main impact is on the quadrant I plants. This group now contributes 188 percent rather than
2.18 percent to overall productivity growth.
15Table 3: Summary Statistics, by Quadrant, 1977—1987, Gross Output
All Plants [1 > 0 fl > 0 MI <0 MI <0
L>0L<0 .L<0 L>0
Estab. 146525 43881.0 37521.0 20541.0 44582.0
pct. 1.00 29.95 25.61 14.02 30.43
Empi. pct. 77 1.00 24.22 45.40 17.78 12.61
EmpI. pct. 87 1.00 38.83 28.30 11.24 21.63
Empi. Growth .0.03 5.99 -3.78 -3.69 7.11
Q pct. 77 1.00 19.59 43.33 21.01 16.07
Q pct. 87 1.00 39.03 36.45 8.96 15.57
Q Growth 2.18 14.27 0.24 .4.81 1.79
Labor Prod. Growth 2.21 5.17 6.47 .1.76 .3.11
productivity 3.11 5.51 6.81 .2.48 -2.51
empi. share .0.11 -0.55 0.44 0.61 -0.24
cross term -0.79 0.21 -0.78 0.10 -0.36
Contribution to Labor Prod. Growth
by quadrant 2.21 1.35 1.83 -0.35 -0.61
productivity 1.01 2.81 -0.37 -0.50
empi. share -0.28 0.08 -0.12 0.25
cross term 0.61 -1.06 0.14 -0.36
interest is the fact that the share of plants in quadrant 4 is about the same with both measures of
labor productivity. Thus, it does not appear as if changes in the extent or nature of outsourcing is
an important factor in accounting for the somewhat anomalous plants in quadrant 4.
Broadly, the respective contributions of each of the quadrants to productivity growth and the
associated decompositions of these effects are also very similar with the gross output based measure.
The importance of quadrant 1 in accounting for the increase in productivity is slightly lower (about
61%) using the gross output measure, while the contribution of quadrant 2 is somewhat larger
(about 82%). Thus, corrections for changes in materials usage does lower the contribution of
successful downsizers somewhat which is consistent with a modest role for outsourcing in accounting
for the differences in results between Tables 2 and 33
IV.ALLOCATION OF PLANTS INTO QUADRANTS, BY SECTOR
'3Giventhe striking similarity in results in Tables 2 and 3, results in subsequent sections are reported only for the
value added measure. As with Tables 2 and 3, the subsequent results are very similar using either measure.
16INDUSTRY AND PRODUCTIVITY
Table 4 presents the allocation of employment into quadrants (and the overall contribution to
growth) by industry. In Table 4 we show the division by 2-digit industry and in the appendix
describe results from the 3-digit break down. The first column of the table shows the contribution
of each industry to the overall productivity increase of 3.4 percent a year. By far the largest
contribution to overall productivity comes from industry 35 (non-electrical machinery) and within
this industry, it is 357 (office and computing equipment) that accounts for most of this. After
industry 35, the next largest and roughly equal contributions come from industry 36 (electrical and
electronic equipment) and industry 20 (food). Within this former industry it is 366 (communication
equipment and 367 (electronic components) that provide most of the positive impact. The growth of
the three industries 357, 366 and 367 reflects the electronics revolution. If these three were excluded
from the continuers, they would reduce the overall rate of productivity growth from 3.4 percent
a year to 2.6 percent a year. The contributions from industry 20 (food) are scattered among the
different three digit elements within this industry.
The remaining columns depict the allocation of employment by quadrant for each industry,
deviated from the total manufacturing shares. At the 2-Digit level industries 28 (chemicals). 29
(petroleum refining), 31 (leather goods) and particularly 33 (basic metals) are the ones that have
less than the average share in quadrant 1 and more than the average in quadrant 2 or 3I4 Thus,
the well-known downsizing in the steel industry with the shift towards mini-mills is reflected in
these results. Overall, these industries have many plants in mature products and have reduced
employment to increase productivity. However, generalizations by two-digit industry are difficult
to make since, as shown in the appendix, there is a wide variance of experience within the same
two-digit industry.
REGION AND PRODUCTIVITY
Table 5 presents results for Census region in the same format as those presented in table 4.
New England, Vest North Central, South Atlantic, Mountain and Pacific regions had above average
"Excludingcomputers(SIC 357),theremainder of industry 35 also falls squarely into this group
17Table 4: Summary Statistics, by Industry
Industry fl' Quad I Quad II Quad III Quad TV2
AllPlants3.389531.18 36.53 15.37 16.92
Deviations from above distribution
20 0.4056 2.13 3•99 -3.35 5.21
21 0.0087 1.47 -6.34 18.30 -13.43
22 0.1213 2.05 9.61 -5.07 -6.59
23 0.1278 0.96 3.65 -2.01 -2.60
24 0.0616 2.45 -1.55 -1.91 1.02
25 0.0169 5.26 -8.19 -1.63 4.56
26 0.1508 0.36 2.04 -2.10 -0.29
27 0.0397 3.05-14.05 -5.99 16.99
28 0.3749-5.55 7.97 -2.27 -0.16
29 0.2581-7.13 20.12 -7.24 -5.76
30 0.1294 7.76 0.08 -4.54 -3.30
31 0.0157-9.63 7.20 5.63 -3.21
32 0.0515-5.24 1.40 3.03 0.82
33 0.1232-15.51 21.65 3.16 -9.30
34 0.1529-2.99 2.92 1.66 -1.58
35 0.5685-6.91 1.41 7.68 -2.17
36 0.401912.10 -5.23 -2.32 -4.54
37 0.2182 1.60 -9.95 5.17 3.18
38 0.1359-2.17 7.42 -2.52 -2.73
39 0.0270-2.58 0.08 -0.29 2.79
I: fl > 0, L> 0;11: ifl> 0, L < 0;
iII:iM1<0,L<0; JV:fl<0,L>0
Contributions to labor productivity growth
2Percentof total employment in each Quadrant
18Region Quad IV2




New England 0.3227 5.96 -1.70 -2.62 -1.64
Mid Atlantic0.4414-2.82 2.16 0.36 0.30
E.N. Central0.5642-7.97 5.04 5.44 .2.51
\V.N. Central0.2648 1.87 -3.13 -1.87 3.13
S. Atlantic 0.5104 5.07 -0.83 -3.57 -0.67
E.S. Central0.2798-0.13 3.74 .0.56 -3.05
W.S. Central0.4076-1.32 -0.89 1.11 1.10
Mountain 0.1259 7.44 .6.44 -3.35 2.35
Pacific 0.4728 8.78-10.27 -4.31 5.81
1:fl>0,aL>0;l1:fl>0,L<0;
Ill fl<0,L<0;lV:ifl<0,L>0
Contributions to labor productivity growth
2Percentof total employment in each Quadrant
shares of their employment in quadrant 1 (successful upsizers), particularly the Pacific region. These
same regions had less than average fractions of employment in quadrant 2. Thesunbelt regions thus
obviously were an important part of this upsizing, increasing productivity phenomenon. However,
it is striking that the New England region is disproportionately represented in this group aswell.'5
PLANT SIZE AND PRODUCTIVITY
In table 6 we show the break down of the main sample by plant size, where this is measured by
average employment in 1977 and 1987.16 We find that the smallest plantsdid not contribute much
to overall growth. But after that, the contributions come from plants of a range of sizes with the
highest contribution coining from plants with 500-999 employees.
'The equivalent table excluding industry 357 shows that this surprising result on NewEngland isnot driven by the
computer equipment industry. That is, even excluding computer equipment, New England is still disproportionately
in quadrant 1.
"The use of average size to allocate plants into size classes is motivated by the findings in Davis, Haltiwa.nger and
Schub (1994). They show that regression to the mean fallacy problems arise in using a point in time measure of size
to allocate plants into size classes given the large transitory changes in employment that are present in the plantlevel
data.
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Table 5: Summary Statistics,
fl' Quad I QuadII
by Region





1-19 0.0307 0.05-12.85 -1.40 14.20
20-49 0.1168 4.03 -9.45 -1.88 7.30
50-99 0.2196 4.37 -7.55 -2.37 5.55
100-249 0.4728 1.73 -3.36 -1.05 2.69
250-499 0.5121 0.16 -0.58 0.69 -0.27
500-999 0.6752-1.52 3.82 0.88 -3.17
1000-24990.6024-5.43 9.12 2.11 -5.80
2500-49990.4031-5.82 12.62 0.86 -7.67
5000 + 0.3569 3.30 0.42 0.51 -4.23
1: fl>0,AL>0;11: fl>0,L<0:
Ill:fl<0,L<0; 1V:fl <0,L>0
l Average of 1977 and 1987 employment, inthousands.
2 Contributions to labor productivity growth
Percent of total employment in each Quadrant
Smallplantsaredisproportionatelyinquadrant 4 (unsuccessfulupsizers).The quadrant2 plants
(successful downsizers) are disproportionately in the 500 to 4,999 size range. These are the plants
that have set the stereotype for what has happened to manufacturing over the period. Strikingly,
the very largest plants (over 5,000) have a larger than average fraction in quadrant 1 (successful
upsizers) and only a small fraction in quadrant 4 (unsuccessful upsizers). Thus, not only do the
upsizing, productivity gainers account for a large fraction of the aggregate productivity growth but
they are disproportionately represented by the largest plants.
These findings are striking in light of the conventional wisdom on the importance of small
businesses in the growth of the economy.'7 These results indicate that small businesses that did
add employment disproportionately were likely to decrease productivity. In contrast, very large
businesses that increased employment disproportionately were likely to increase productivity)8
"Davis, Haltiwanger and Schuh (1993) do.cument the reasons why the claim that small businesses are the dominant
sources of job growth is inaccurate.
"There may be a host of factors underlying this results which deserve further investigation. For example, small
plants may be making unique products whose prices are not well captured by the 4 digit deflator. See also the




Summary Statistics, by Size
Quad I Quad 11 Quad IIIInitial Wage Quad 1V2




1st Quintile0.3721 0.49 -2.81 -2.39 4.71
2nd Quintile 0.6762 1.44 -2.61 -0.96 2.14
3rd Quintile0.7961-0.25 2.30 1.66 -3.72
4th Qujntjle0.9273-1.34 3.77 0.56 -2.99
Top Quintile 0.6179-2.17 3.28 5.86 -6.97
Initial Wage Level 24.44 25.49 26.90 25.11
l:fl>0,L>0;Il:fl >0,L<0;
111: M1<Q,L<0;IV: fl <0,L> 0
Contributions to labor productivity growth
2Percentof total employment in each Quadrant
WAGES AND PRODUCTIVITY
Table 7 presents the allocation of employment into quadrants (and the overall contribution to
growth) by quintiles of the level of plant real wages per worker in 1977 (in thousands of 1982 dollars
per year). Downsizing plants (quadrants 2 and 3) had the highest initial real wages. Unsuccessful.
upsizing plants (quadrant 4) had slightly lower initial real wages than did the quadrant 2 plants
while the successful, upsizing plants had the lowest average initial real wages.
Table 8 presents the same results by quintiles of the growth in plant real wages from 1977 to
1987,. The plants that increased productivity (successful upsizers and downsizers) had the highest
real wage growth, with the larger increases coming from the ones that increased employment. The
plants that experienced declines in productivity had reductions in real wages, with the larger decline
actually occurring in the plants that raised employment.
These results raise interesting questions about the relation among wages, employment and pro-
ductivity. The first possibility is that some of the wage changes observed may be associated with
changes in labor quality. Under this interpretation, successful upsizers may be adding more skilled
workers, successful downsizers retaining their higher skilled workers, unsuccessful downsizers re-
taining their less skilled workers, and unsuccessful upsizers adding less skilled workers A second
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Table 7: Summary Statistics, by
ifl' Quad I Quad II
Initial Wage
Quad IllWage Change Quad 1V2




1st Quintile-0.0216-8.06-12.20 5.18 15.08
2nd Quintile0.5302-0.78 -2.36 2.71 0.43
3rd Quintile 0.7802 4.54 -0.57 -0.73 -3.24
4th Quintile 0.7491 0.30 5.12 -1.19 -4.23
Top Quintile1.3517 4.03 10.0.5 -5.99 -8.09
Mean Wage Change 0.69 1.86 -0.27 -0.80
1:fl>0,L>0; II: fl >0,L<0;
I1J:fl<0,L<0;IV:fl<0,L>O
Contributions to labor productivity growth
Percent of total employment in each Quadrant
interpretation is that increases in the wages for certain types of workers may have led to capi-
tal/labor substitution, and vice versa for the plants with wage declines. A third possibility is rent
sharing. Those plants that increased productivity gave (or were forced to give) a fraction of that
increase to their workers. This would also lead to a positive relationship between the change in
wages and the change in productivity. We are not able in this paper to sort out these alternative
possibilities. We note, however, some suggestive points. First, the magnitudes of the wage changes
are much smaller than the productivity changes. If the average skill levels or the average capita]
labor ratios are changing these are only a part of the reason for the productivity changes. Similarly,
if rents are being shared, then only a small part of the productivity increases are being passed on
to labor (as we know from aggregate manufacturing wage data). A second finding that seems clear,
also, is that average wage increases are apparently not driven by the decision to expand employ.
ment. The largest wage increases came from the plants with the largest rate of employment decline.
One explanation of our findings that is consistent with other trends observed in manufacturing is
that skill-biased technical change has occurred in many (but not all) plants. Where it has occurred,
productivity has increased and at the same time there has been a relative shift in employment to
higher skilled workers (raising average wages). We hope to explore these results in future research
both for understanding the evolution of the distribution of productivity and the distribution of
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Table8: Summary Statistics, by Wage Change
fl' Quad I Quad 11 Quad 11]wages.'9
CONTRIBUTIONOF SECTORAL CHARACTERISTICS TO OVERALL VARIANCE
OF EMPLOYMENT AND PRODUCTIVITY
Tables 4—8 show that there are striking differences across plants defined by industry, region,
size, and wage in the allocation of plants into the quadrants of productivity and employment
growth. In Table 9 we show the extent to which the characteristics of industry in 1977, region. size
class, ownership type (plants associated with single-unit vs. multi-unit companies) and initial wage
class can explain the variance of productivity change and employment change in the continuing
plants.2° This exercise should not be interpreted as yielding causal inferences but rather a sense
of the connection between observable plant characteristics and the distribution of employment and
productivity growth. The table shows the R2 statistics for regressions of the column variable on the
dummy variables specified in the rows. For example, the first entry in the first column shows that
only 3.1 percent of the variance of productivity growth is explained by two-digit industry dummy
variables. The fractions of the variance that can be explained by these variables is quite small. Even
when industry, region, size class, ownership type and initial wage class are simultaneously taken
into account, less than 15 percent of the overall variance in output and productivity is explained
by the observable characteristics.
The last four columns of the table show the extent to which these plant-level observables can
predict the allocation of plant employment into quadrants. While the explanatory power is relatively
"Baily, Hultenand Campbell (1992) also explore the relationbetween wages andproductivity (TFP). Their
findings are consistent withtheseresults. The McKinsey (1993) study of manufacturing productivity showscase
studyevidence of process and product design innovations in manufacturing (often but not always initiated in Japan)
that reducedtheneed for uskil1ed workers per unit of output produced. Recent work by }lellerstein and Neumark
(1993) and Hellerstein, Neumark and Troskefindsa close association among between plant differences in productivity,
wages, and the skill mix of the workers at individual plants.
'°We do not consider the role of plant real wage growth in this context given the obvious endogeneity problems. We
are treating the other observables as capturing exogenous characteristics or at least initial/predetermined conditions.
Concerns about endogerteity are nevertheless relevant for the size class measure given that it represents the average
size in 1977 and 1987. As discussed in lootnote 16, the use of the average size rather than initial size is motivated by
the results of Davis, Haltiwanger and Schuh (1994). For this purpose, a preferable method might be the average size
in 1972 and 1977 since this would mitigate the transitory component problem. However, a large fraction of plants
present in 1977 are not present in 1972 and thus this would reduce our sample in a sstematic way — i.e., small plants












2-digit md. 3.11.81.92.9 1.4 2.4
3-digit md. 9.43.18.68.05.7 5.9
4-digit hid. 3.04.312.51.4 9.8 0.0
Size 1.60.70.52.0 0.1 2.0
Region 0.10.31.61.0 1.0 0.5
Ownership 0.82.10.81.90.3 1.6
Initial Wage2.10.90.10.4 0.3 1.1
lnteraction14.8 11.826.928.422.6 24.5
• Includes 2-dig industry, region, size, typeand wage dummies
greater here, it is still small. At most, less than 30 percent of the allocation into productivity and
employment growth quadrants is accounted for by observable plant characteristics.
These results provide an important caution. They tell us that the variance of employment and
productivity at the plant level are dominated by idiosyncratic effects. One interpretation of these
findings is that attempts to explain differences in productivity and employment performance should
concentrate on such plant-specific factors as management or worker skills. A striking message is
that it is possible to raise productivity and employment even within an industry that on average
is lowering productivity and employment.
It may be that there other observable characteristics that can account for the allocation of
plants into employment and productivity quadrants. However, related studies also find a dominant
role for the idiosyncratic component in accounting for plant level behavior. Davis and Haltiw anger
(1992) find that only 39% of the allocation of employment growth into expanding and contracting
plants can be accounted for by simultaneously controlling for two-digit industry, region, size, age
of plant and ownership type. This amounts to controlling for over 14,000 different sectors and even
within such sectors there is substantial heterogeneity in the distribution of employment growth
rates.
IV. CONCLUDING REMARKS
In contrast to the conventional wisdom, plants that raised employment as well as productivity
24contribute almost as much to overall productivity growth in the 1980s as the plants that raised
productivity at the expense of employment. Together these two groups of plants that increased
productivity account for more than the total increase in productivity growth. This is because
there is an offsetting group of plants that decreased productivity over this time. Amongst the
latter group, most of them are unsuccessful upsizers. That is, they increased employment but not
productivity.
There are striking differences in the allocation of plants into these groups by sectoral classifica-
tion. Plants in mature industries (e.g., steel) were more likely to follow the conventional wisdom.
That is, they disproportionately fell into the downsizing, increasing productivity group. Plants
in the sunbelt regions are disproportionately represented in the upsizing. productivity increasing
group. However, plants in New England are also disproportionately represented in this group. The
smallest plants are disproportionately represented in the group of plants that increased employment
and decreased productivity. Strikingly, the largest plants are disproportionately represented in the
group of plants that increased employment and productivity.
In spite of the striking differences across sectors defined in a variety of ways, most of the variance
of productivity and employment growth is accounted for by idiosyncratic factors. It is difficult to
account for the allocation of plants into productivity and employment growth quadrants on the
basis of observable characteristics. Thus, not only is the conventional wisdom that downsizing
is the source of productivity growth incorrect but identifying who did and did not downsize and
whether they were successful cannot be done with any precision on the basis of the characteristics
of the plants that are reported in the Census data.
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27</ref_section>Al. T13}EE DIGIT INDUSTRY RESULTS APPENDIX p.!
Highfractionsof employment in quadrant 1 (successfulupsizers): 201(meatproducts).202
(dairyproducts), 225 (knitting mills), 227 (floor covering mills), 252 (office furniture), 273, 275,
277, 278 and 279 (from printing and publishing), 348 (c,-dnance). 357 (office and computing),
366 (coumiunications).367(electronics), 376 (guided missiles), and 383 (optical instruments and
lenses).
High fractions of employment in quadrant 2 (successful downsizers): 204 (grain mill products),
207 (fats and oils), 212 (cigars), 221, 222, 224, 226, 228 and 229 (textile mills), 231 (men's apparel),
261, 262, 263, and 266 (paper mills), 282 and 286 (plastics and industrial inorganic chemicals), 291
(petroleum refining), 302 and 303 (rubber), 316 (luggage), 321 (fiat glass), 324 (cement). 331 and
333 (blast furnaces and primary non-ferrous metals), 346 (metal forgings), 363 and 365 (household
appliances and radio-TV), 369 (misc. electrical), 385 and 386 (ophthalmic and photographic).
High fractions of employment in quadrant 3 (unsuccessful downsizers): 211 and 213 (cigarettes
and chewing tobacco), 237 (furs), 245 (wood buildings and mobile homes), 266 (paper board), (304
(rubber and plastic hoses and belts), 311, 313, 314, 315 and 319 (parts of leather and footwear),
326 (pottery), 332 and 333 (iron and steel foundries and primary nonferrous metals), 341 (metal
cans), 351, 352, 353, 354 and 356 (engines and turbines, farm and garden equipment, construction
machinery, metalworking machinery and general industrial machinery), 371 (motor vehicles and
equipment), 374 (railroad equipment), 387 (watches and clocks), and 391 (jewelry).
High fractions of employment in quadrant 4 (unsuccessful upsizers): 205 (bakery products), 237
(furs), 253 and 254 (furniture for public buildings and partitions), 271, 272 and 274 (segments of
publishing), 284 (pharmaceuticals, most likely a deflator problem), 299 (misc. petroleum products),
319 (misc. leather goods), 327 and 328 (concrete and cut stone), 372 (aircraft and parts), and (391
(jewelry).Al. TABLES EXCLUDING INDUSTRY 357




All 53 69 2.99









Value Added (1982 $, millions)
1977 1987 Change
All 934 1151 2.33
Continuers 714 911 2.77
Entrants 240
Exiters 220
Average Growth over 10 years,
not at an annualrateAPPENDIX p.3
Table A.2: Summary Statistics, by Quadrant, 1977—1987, excl Computers
All Plants .H >0fl >0ll <0fl <0 L>0 L<0 L<0 EL>0
Estab. 139985 44321.0 36049.019277.0 40338.0
pet. 1.00 31.66 25.75 13.77 28.82
Empi. pet. 77 1.00 23.85 44.57 18.97 12.61
Empi. pet. 87 1.00 38.18 28.16 12.04 21.61
Empi. Growth -0.09 5.86 -3.74 -3.71 6.98
VA pet. 77 1.00 20.19 40.42 23.44 15.95
VA pet. 87 1.00 41.39 36.98 7.99 13.64
VA Growth 2.77 16.18 1.69 -5.64 0.92
Labor Prod. Growth 2.89 6.51 8.67 -3.08 -3.57
productivity 3.82 6.92 9.21 --3.36 -3.22
empi. share 0.02 -0.30 0.28 0.23 0.03
cross term -0.95 -0.11 -0.83 0.06 -0.38
Contribution to Labor Prod. Growth
by quadrant 2.89 1.88 2.37 -0.62 -0.74
productivity 1.31. 3.50 -0.72 -0.57
empi. share -0.22 0.15 -0.16 0.24
cross term 0.79 -1.29 0.26 -0.41APPENDIX p.4
TableA.3: SummaryStatistics, by Industry, exd Computers
Industry All'QuadIQuadIIQuad Ill Quad1V2
AU Plants2.892730.98 36.40 15.52 17.09
Deviations from above distribution
20 0.4076 2.33 -3.86 -3.50 5.04
21 0.0089 1.66 -6.21 18.15 -13.60
22 0.1217 2.24 9.74 -5.22 -6.76
23 0.1280 1.15 3.78 -2.16 -2.77
24 0.0617 2.64 -1.42 -2.06 0.85
25 0.0166 5.45 -8.06 -1.78 4.39
26 0.1516 0.55 2.17 -2.25 -0.46
27 0.0388 3.24-13.92 -6.14 16.82
28 0.3781-5.35 8.10 -2.42 -0.33
29 0.2600-6.93 20.25 -7.39 -5.93
30 0.1297 7.95 0.21 -4.69 -3.47
31 0.0158-9.43 7.33 5.48 -3.38
32 0.0519 -5.05W 1.52 2.88 0.65
33 0.1252-15.32 21.78 3.01 -9.47
34 0.1538-2.80 3.05 1.51 -1.75
35 0.0577-9.54 0.35 9.99 -0.79
36 0.402912.29 -511 -2.47 -471
37 0.2191 1.79 -9.82 5.02 3.01
38 0.1366-1.98 7.55 -2.67 -2.90
39 0.0271-2.39 0.21 -0.44 2.62
l:fl>0,L>0;Ii:M1>0,L<0;
llI:U<0,AL<O; IV:iMI<0,L>0
Contributions to labor productivity growth
Percent of total employment in each QuadrantTable A.4: SummaryStatistics, byRegion.exci Computers
1: zfl> 0, iL> 0;
Ill: ll<0AL<0;
Contributions to
2 Percentof total employment in each Quadrant
Table A.5:Summary Statistics, by Size, exci Computers
APPENDIX p.5





1-19 0.0276 0.19-12.73 -1.53 14.07
20-49 0.1091 4.14 -9.33 -1.99 7.18
50-99 0.2054 4.44 -7.45 -2.46 5.47
100-249 0.4461 1.86 -3.33 -1.13 2.60
250-499 0.4779 0.27 -0.52 0.60 -0.35
500-999 0.5748-1.96 4.15 0.93 -3.13
1000-24990.4571-5.31 8.62 2.39 .5.70
2500-49990.3175-6.33 12.88 1.08 -7.63
5000 + 0.2772 3.32 0.42
II: Afl>0,tL<O;
0.53 .4.27
2 Contributionsto labor productivity growth
Percent of total employment in each Quadrant





New England 0.1810 5.64 -1.66 -2.50 -1.48
Mid Atlantic0.4194-2.75 2.23 0.28 0.24
E.N. Central0.5550 -7.73 5.01 5.34 -2.62
WN. Central 0.2030 1.54 -3.14 -1.75 335
5. Atlantic 0.4841 5.24 -0.78 -3.67 -0.79
ES. Central0.2269 -0.03 3.67 -0.55 -3.09
WS. Central0.3896-0.89 -1.31 1.11 1.09













1987 employment, in thousands.APPENDIX p.6
TableA.6: SummaryStatistics, by Initial Wage, exci Computers
Initial Wagefl'Quad I Quad II Quad III Quad 1V2
All Plants 2.892730.98 36.40 15.52 17.09
Deviations from above distribution
1st Quintile0.3513 0.68 -2.80 -2.52 4.64
2nd Quintile 0.5490 1.48 -2.73 -0.89 2.14
3rdQuintile0.6347 -0.32 2.24 1.69 -3.60
4th Quintjle0.7960 -1.74 4.04 0.63 -2.93
Top Quintile0.5617-1.86 3.09 5.85 -7.08
Initial Wage Level 24.42 25.47 26.89 25.11
I: All > 0, AL>0; II: All > 0,AL <0;
Ill: All <0AL<O;IV: All <0,AL>O
Contributions tolabor productivitygrowth
2Percentof total employment in each Quadrant
Table A.7: Summary Statistics, by Wage Change, excl Computers
Wage ChangeAll' Quad I Quad II Quad III Quad 1V2
AU Plants 2.892730.98 36.40 15.52 17.09
Deviations from above distribution
1st Quintile -0.0763-8.07-12.21 5.10 15.18
2nd Quintile0.4343 -0.91 -2.26 2.80 0.37
3rd Quintile 0.7189 4.77 -0.69 -0.82 -3.26
4th Quintile 0.7001 0.45 5.05 -1.24 -4.26
Top Quintile 1.1157 3.77 10.17 -5.85 -8.09
Mean Wage Change 0.68 1.87 -0.27 -0.80
I: All >0,AL >0; II: All >0, AL <0;
lIl:Afl<0AL<0; IV:Afl<0,AL>0
Contributions to labor productivity growth
2Percentof total employment in each QuadrantAPPENDIX p.7
TableA.8:Percent of Variance Explained by Plant, Categories, exci Computers
Dummyfl LQ IQ HQ III Q IV
2-digit md.341.82.02.9.6 2.4





Initial Wage2.00.90.10.4 0.3 1.1
Interaction14.711.726.628.322.8 24.5
Inc!udes 2-dig industry, region, size, typeand wagedummies